The present paper concerns the fine structural characteristics of the perisinusoidal region of the goldfish liver. It is well known that the endothelial lining consists of endothelial cells as well as Kupffer's stellate cells (macrophages), while the perisinusoidal space (Disse's space)(DISSE, 1890) contains fat-storing cells (ITO, 1951) and fibroblast-like cells in most vertebrates.
It has been believed that the fat-storing cell is transformed from or to the fibroblast-like cell (YAMAMOTO and ENZAN, 1975; YAMAMOTO et al., 1978) . The latter is named an empty fat-storing cell by ITO and SHIBASAKI (1968) . The present authors use the concept of "Ito cell" for both the fatstoring cell and the fibroblast-like cell in the perisinusoidal space.
In this paper the authors wish to describe the fact that in the goldfish, Kupffer's stellate cells are very few in number, and numerous desmosomes are found between two endothelial cells, between the endothelial cell and the Ito cell, between the endothelial cell and the hepatocyte, between two Ito cells, and between the Ito cell and the hepatocyte.
MATERIALS AND METHODS
About 10 adult goldfishes (Carassius auratus) obtained from a local pet shop were used for this study.
In 3 cases, a suspension of human erythrocytes at a final *This study was supported by grants from the Ministry of Education.
concentration of 30-40% was injected via the heart in doses of about 0.5cc 15min before fixation. Three of the other fish were injected with 10,000 units of vitamin A (Chocola A, Eizai) intraperitoneally. The fish were perfused via the heart with physiological saline solution for 3min followed by perfusion with a fixative containing 3% glutaraldehyde solution in 0.1M Millonig's phosphate buffer (pH 7.4).
Tissue blocks from the liver were immersed in the same fixative for 2hr and postfixed with a 1% OsO4 solution for 1hr.
The materials were dehydrated in an ethanol series, and embedded in Epon. Ultrathin sections, cut on a Porter-Blum ultramicrotome and stained doubly with uranyl acetate and Millonig's lead, were examined with a Hitachi HU-11D electron microscope. For light microscopy, relatively thick sections were cut and stained with toluidine blue. It is well known that the hepatic sinusoidal wall consists of endothelial cells and Kupffer's stellate cells (macrophages) in most vertebrates. However, in the goldfish, it is quite difficult to find the Kupffer cell throughout the liver. Almost all the cells in the endothelial lining are attenuated and without any cytoplasmic protrusions. The nucleus is also flat. No phagocytized materials are seen in the scanty cytoplasm. Long attenuated cytoplasmic processes showing numerous pores are stretched out making a capillary wall. Throughout numerous sections of the goldfish liver only a few macrophages were noticed (Fig. 1) . Through this type cell is mostly localized in the sinusoidal lumen being in contact with the endothelial cell, the small cytoplasmic protrusion of this cell is sometimes inserted between the endothelial cells. Hence, the macrophage is considered to correspond to a Kupffer cell. The cell is polymorphic in shape and contains several phagocytized materials and various types of lysosomes in its cytoplasm (Fig. 1) . Injected erythrocytes are sometimes phagocytized in this cell.
2. Occurrence of desmosomes First, the authors wish to clarify the definition of Ito cell used in the present paper. Some of the perisinusoidal cells located between the endothelial cell and the hepatocyte contain fat droplets, large or small in number and size, in their cytoplasms. In addition to these, there are also other perisinusoidal cells without fat droplets. This cell is quite similar to the fibroblast by its irregular shape and the fairly well developed rough endoplasmic reticulum.
After the injection of vitamin A, this type cells are markedly decreased in number, while the fat-storing cells are distinctly increased. The authors agree with the opinion of ITO and SHIBASAKI (1968) that this is an empty fat-storing cell. From these facts, the authors wish to use the name of Ito cell for the fat-storing cell as well as for the fibroblast-like cell. Desmosomes are recognized between two endothelial cells, between the endothelial cell and the Ito cell, between the endothelial cell and the hepatocyte, between two Ito cells, and between the Ito cell and the hepatocyte.
The thin cytoplasmic processes of two endothelial cells are in contact with each other making a typical desmosome (Fig. 2) . The length of this structure is somal structure, the cytoplasms of both cells are characterized by electron dense materials containing numerous thin filaments (microfilaments) running almost parallel to the surface of the cell. the hepatocyte (Fig. 4) . In both the cells, the cytoplasmic filaments running almost parallel to the cell surface are accumulated near the desmosome, making bundles.
Between the two Ito cells are also desmosomes (Fig. 5) . Most perisinusoidal cells (Ito cells) are in contact with each other, with the endothelial cell, and with the F fat droplet, P cytoplasmic process of Ito cell, E endothelium. hepatocyte, irrespective of the occurrence of the fat droplets in their cytoplasm. Well developed cytoplasmic filaments are characteristic of all the Ito cells of the goldfish. They are distributed throughout the cytoplasm randomly or making irregularly shaped bundles between the fat droplets, and run usually parallel to the cell surface near the desmosome.
Desmosomes are frequently seen between the hepatocyte and the Ito cell (Fig. 6,  7) . The perinuclear cytoplasm as well as the peripheral cytoplasmic process are in contact with the hepatocyte by desmosomes.
Numerous cytoplasmic filaments in both cells run parallel to the cell surface near the desmosome. Cytoorganelles except for the microfilaments are very poor near the desmosomal structure of both cells. 
DISCUSSION
Several papers have been published as to the lack or poverty in number of the Kupffer cell in the teleost fish (CASTALDI, 1919; KRAFT, 1924; SCHMIDT, 1956; ITO et al., 1962; AWAYA, 1977) . ITO et al. (1962) reported that most fishes do not have any Kupffer cell in their liver, and the eel, carp, and dace show macrophages quite rarely in the sinusoidal lumen. AWAYA (1977) found no Kupffer cells in the crucian carp but a few in the ray. The present authors also found very few macrophages in the sinusoidal lumen of the goldfish liver and considered them to be Kupffer cells, because their cytoplasmic protrusion is sometimes inserted between the endothelial cells. Anyhow, it is of very great interest that Kupffer cells are lacking or very few in the liver of most fishes. An occurrence of desmosomes between the perisinusoidal cell and the hepatocyte, and between the perisinusoidal cell and the endothelial cell has been reported in the fish by NOPANITAYA et al. (1979) . They regarded the perisinusoidal cell showing desmosomal contact with the endothelial cell or the hepatocyte to be a fishspecific new type cell different from the Ito cell.
Numerous microfilaments have been described by them as the characteristic structure of this type cell. However, in our observations, both the fat-storing and the empty fat-storing cells in the perisinusoidal space show desmosomal contacts with the endothelial cell, with the each other, and with the hepatocyte.
All these cells both with and without fat droplets contain well developed microfilaments in their cytoplasmic matrix especially near the desmosomal structure.
It has been believed that the Ito cell is transformed from or to the fibroblast-like cell in the hepatic perisinusoidal space in higher vertebrates (YAMAMOTO and ENZAN, 1975; YAMAMOTO et al., 1978) . In the goldfishes injected with vitamin A, most hepatic perisinusoidal cells contain numerous fat droplets, and the fibroblast-like cells without fat droplets become decreased in number. From these facts the present authors consider that the perisinusoidal cell showing desmosomes in the goldfish liver is not a new type cell but an Ito cell, though it is characteristic of the occurrence of numerous microfilaments as NOPANITAYA et al. (1979) pointed out. The present authors wish to emphasize that desmosomes are usually seen between two endothelial cells, between the endothelial cell and the Ito cells, between the endothelial cell and the hepatocyte, between two Ito cells, and between the Ito cell and the hepatocyte.
Through the functional significance for the occurrence of numerous desmosomes between the cells of the sinusoidal wall region of the goldfish is not clear, it is reasonable to consider that the Ito cell with or without fat droplets is not a wandering cell but a fixed one. However, the Kupffer cell which is very few in number in the goldfish does not show any desmosomal structure.
It is well known that the hepatocyte of the goldfish is characterized by the well developed intracellular bile canaliculi (YAMAMOTO, 1965) . The relationship between the intracellular canaliculi of the hepatocyte and the desmosomal structure of various kinds of cells in the sinusoidal wall is obscure.
Anyhow, the functional significance of these interesting structures in the goldfish is a problem for the future.
Comparative and phylogenetical studies are necessary.
